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INVESTIGATION OF FULL-SCALE SPLIT TRAILING-EDGE WING FLAPS WITH
VARIOUS CHORDS AND HINGE LOCATIONS

By RUDOm WALLME

SUMMARY ‘

An inweti@ion waa conducted in tha N. A. 0. A.
fuU-8c4dewind tunnd on a 8maU parmol namwplune
epipped dh three di$erind 8plii traih@xlge wring
jl.ap8. The Ol)jed of the inm8ti@iun Ux13to dlztemnine
and comelds data on the ch5racteri8tic4of tb airplune
and jlap8 a8 a$ected by variuiion in @p chord, fip
dq?ection, amdjizp locaiion along the wing chord. The
chmi% of the jlaps were 10, 20, and 30 perceni of the
wing chordand eachj%p waatesteda4dejlectionafrom 0°
to 76° when locded aucce8siaelIIai 68, 80, and 88.8
percent of tha wing chord @l of th-cleading edge. !l’lk
inmxtigaibn inclwded force i%8t8, prewure-dt%ribuiion

teat8, and o%wnumh &umey8. Th..t?rewdts give the lij?,
tb drag, and tha pitchi~—nwnumiChuractel-i.ztimof the
airplmu, tha @p forces and mom.W8, tb premure
distribution ouer the j!hzp8 ad &IW ~ one 88cbt,

and the c%wnwashcharacteri.stb of the jtup and wing
Combinutbl.e.

An inmua inj?up chord or dtince of the@p from
iha leuding edge of ib wing increased the lift of the air-

“plune &d hud an admr8e e$ect on the wi~ piichi~
moment. The LID ratio of the ai.r@l.m.edecreamdwi#h
increase in $%p o%jlectionor @p chord. Flup mwma.!-
force toe-8 were primurily afunction of&p d.ej2c-
tion and were re-?atwe+?yindependent of jlap chord, hinge:
axia loedon, and ai.rplana attiiti. The locaiion of
thejlap centerof pre8surein percentage offip chordajt of
the hi~e aci..sremained pradically &a& irrespec-
twe of airplune attitude and of @p dejbctbn, chord, or
locution. I’lbp hi~e-monent coej%%nts oaried with a
power of @p chord greater than the 8@.ure 80 thai &h
regard to binge mOm.9nt8nurrow jlap8 were tlw most
ejiiieni in produoing a @en incnxmein lift.

Spli# trailing-edgejlap8 materi5Uya&&xt the magn~
hut-sand di&ibution of pre+wuresovw the entire W@
projile. At low anglea of attack the predominant e~ect
of tb jZap8 ma to incwa-se positwely tlbs luwer-swface
prewnwes;ai high angles of attack, io increme negatively
tb Upp8T-8WTfa.C8pre8su$v8. Downwaah 8U.17&/8indi-
cated thd horizonh? tail plana located above tha wing
chard I?inewould be more q$gctiae thun tho8t?bebw the
chord in counteracting the increuaed dioing momsn.tof
thaairphm.e&hfip8 dq?.eded.

INTRODUCTION

The National Advisory Committee for Aeronautics
has been aotive during the past 2 years in the investi-
gation and development of split trailing+dge flaps as a
device for improving the landing oharaoteristics of
high-speed aircraft and thereby inoreaaing the safety
of flight. Split tmiling+dge flaps have been like-
wise invediigated during this same period by various
other research agencies and by airoraft manufacture
and have proved to be of such practical value that they
are now accepted as a defiiti factor in contemporary
ahcraft design.

The aocurati design and stmisaanalysia of airplanes
incorporating split trailing-edge wing flaps require
that complete and coordinated data be available on
all pertinent flap charactmistica and properties, such
as the tiect of the flaps on the lift, drag, and pitohing-
moment characteristics of the airplane, the force ud
moment characteristics of the flaps, and the pressure
distribution and dowmvaah properties of the flap and
wing combinations. Fairly complete data (refemncea
1 to 5) are now available on the aerodynamic character-
istics of model wings and of full-scale airplaneaequipped
with split flaps; somewhat limited data (reference 6)
have also been preaeni%don flap forces and moments.
No information is available, however, as to the effect
of split flaps on downwash or pressure distribution
over a wing, and the existing force cmd moment data
have been determined mostly from teats of small-scale
models.

This report presents the results of teats conductad
in the N. A. C. A. full-scale wind tunnel on a Fairchild
22 airplane equipped with split tcaihng-edge wing flaps.
A ccmventiomil wing with an N. A. C. A. 2212 airfoil
section was modified so that flaps having ohords 10,20,
and 30 percent of the wing ohord oould be tested at
deflections up to 75° with their hinge axes located at
3 positions along the wing chord. The invedigation
included foroe tests, prcmm+chs“ tribution tests, and
air-flowsurveys. From the force and presauredistribu-
tion teatswere determined: the lift, drag, and pitching
momant of the airplane; the normal force and center
of pr~sure of the wing and of the flap at one section;
and the normal force, center of pressure, and hinge
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moment of the total flap. The air-flow surveys in-
cluded measurements of downwash anglea and of dy-
namic pressures in the region of usual tail-plane loca-
tions.

APPARATUS

Airplane.-The Fairchild 22 is a smm open 2-place
parasol monoplane powered with an inverted

j---7,4’’--4

FIGUEEL—ThemodifiedFdr&dld22drplme.

Cirrus air-cooled engine. A 3-view drawing of the
airplane is shown in @e 1; the principal characteris-
tics of the airplune are given in table I.

The wing is of conventional wood and fabric construc-
tion with a span of 32 feet 10 inches and a chord of 66
inches. It has rounded tips, a center section cutiut
at the trailing edge, and an N. A. C. A. 2212 airfoil
section. The wing was modified for these tests by
remotig the hailing edge aft of the rear spar over the
portion of the span normally utilized for ailerons and
substituting therefor a special trailing+dge assembly.
This assembly, consisting of a wooden spar, wooden
ribs, and shee&metal upper surface, was bolted
directly to the rear spar of the wing so that the surface
faired smoothly into the wing proiile. A special rib
to support the pressure orifices wcs built into the star-
board wing without altering the airfoil section. The
location of this pressurerib and the oriiices thereon are

shown in figure 2. In reference 7 is given a detailed
description of the type of orifice used and the manner
of its installation.

The plywood flaps were $&inchthick and were at-
tached to 2-inch bolting strips by piano hingw extcmd-
ing along the entire flap span. The 3 flap chords were
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6.6 inches, 13.2 inches, and 19.8 inches, corresponding
respectively to 10, 20, and 30 percent of the nominal
wing chord. The spans of the flaps were identioal,
being 13 feet 6 inches, or 82.2 percent of the wing
semispan, and each was slightly rounded at the ends
to fair into the wing plan form. Pressure orifices
were installed only in the starboard flaps and consisted
of j44.nchcopper tubes ccming”fluah and fair with tho
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lap surface. The location of the pressure orifices in
~achflap is shown in @ure 2.

Figure 3 shows the modified trailing edge and a
lap as assembled for testing. Six angle blocks main-
ained the flap angle along the span; boards and filler
)lates of varying width were used ahead of and behind
he flap to complete the assembly for the different
@e-axis looations. A photograph of the wing with
he 20-percent flap hinged at 80 percent of the wing
herd and deflected 60° is shown in figure 4.
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Manometer,-The manometer was of the multitube ] through the wing to the center line of
liquid type and provided simultaneous photographic ] and thenca down a streamlne strut to the front cock-

Fmwu 4.-Vfew of V@ with20percantcCap,hingedat @lpmmntcandddacted W.

records of 100 individual pressures at each exposure.
A detailed description of its design and operation is
given in reference 8. The manometer was installed in

pit. The cockpits were covered to protect the manom-
eter and to reduce the over-all drag of the set-up.

Wind tunnel and survey apparatus,-The N. A. C. A.
full-scale wind tunnel and the survey apparatus are
described in detail in reference 9. Figure 6 shows the
Fairchild 22 airplane mounted on the balance with the
survey apparatus in tOstposition.

TESTS

All tests were conducted with the propeller and the
horizontal tail surfacea removed and with the airplane
set at 0° in roll and yaw. The wing wa9 set 5° to the
thrust axis. The teats were conducted at a dynamic
pressure of approximately 8 pounda per square foot,
corresponding at standard sea-level conditions to a
velocity of 56 miles per hour and to a Reynolds Num-
ber of 2,880,000 based on the wing chord.

The lift, drag, and pitching moment of the airplane
were determined over an ang)e-of-attack range from
– 16° to 20° for all flap conditions. The 10 and 20
percent c flaps were each tested at hinge-ti locations
68.0, 80.0Z and 88.8 percent of the wing chord aft of
the wing leading edge; the 30 percent c flaps were
tested at the 68.0- and 80.O-percent hinge locations.
l?lap deflections, or the angular displacement of the
flap from its closed position, varied from 0° to 75°.
The 30 percent c flap was not tested at. deflections
greater than 40° nor in the rearmost position because
of strength limitations of the airplane wing and struc-
ture. A summary of all flap conditions tested is given
in the following table:

.

FmuaB&-Tha Fafrchfld21afmlanamormtalonthabalmmawith thesnrmw
arwatns inthaW pdtion.

the front cockpit on pivots so that it would remain
level as the angle of attack of the airplanewas changed.
The pressure orificw were connected to the manome-
ter through aluminum and rubber tubing carried
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THE FLAP DEFLECTIONS, DOWNWARD, IN DEGREES,
FOR THE FLAP ARRANGEMENTS TESTED

10—–-.-..:-..
k

% i! ii’
m

-------- % ___.-:_

m Ea SS8

m -.—-—--- .

.0—.—.—-
-.-—-.—-- 10

●202 .40
m .03

—.-—-—— 76

.- —-——..

..-.——---
ii
to

...-.—— .

Pressure readings were taken for all flap conditions
at 7 angles of att&k in the range from —12° ix 12°.
Each reading recorded the distribution of preasure over
the flap at 5 sections along the span and over the wing
at 1 section; 4 readings WSIWtaken at ~ *t po~t
to minimim the effect of rapid local &-flow fluctua-
tions.

Downvmsh angle and dynambpresare surveys we&
made at 4 angles of attack in the range from —7° to
13° with the 20 percent c flap hinged at 80 percent of
the chord and dtiectad 0°, 20°, 40°, and 60°. The
surveys were conducted in a vertical plane axtending
directly downstream hm the pressure rib and for
each angle of attack the survey points ware chosen to
cover the area in which horizontal tail surfaces are
normally located.

COEFFICIENTS

The reauks corrected for wind-tunnel effects are
given in table II and preaentid in curve form m @urea
6 to 24. The following coefficients are used: .

6’.=$

where L and D are the lift and drag of the airplane,
M is the pitching moment of” the airplane about its
canter of graviiy, Nm’ is the pressure load on a flap
and wing section of unit span normal to the wing chord,
M&,’ is the moment about the quwt.er-chord point of
the wing of a &p and wing section of unit span, NF’ is
the pressure load on a flap section of unit span normal
to the flap chord, Nr is the total pressure load of the
flap normal to the flap chord, M=’ is the hinge moment
of a flap section of unit span, g is the dynamic pres-
sure, Sisthewing sma,S’ris the flap area, cis the
wing chord, z is the mean wing chord, and cr is the
flap chord. Downwcah characteristics are preserdad
in terms of downwcsh angle, the deflection of the air
stream from the horizontal (Xl wind axis, and the
ratio qJG where q~ is the dynamic pressure in the
wake and g is the dynamic pressure of the ilee air
stream.

RESULTS OF FORCE TESTS

LIFr, DRW, AND PITCEUNG MOMENT OF THE AIRPLANE

The curves of lift, drag, and pitching-moment coef-
ficient shown in figure 6 present the corrected experi-
mental reaultaof the force tests and indicate the effect
of flap arrmgement on the aerodynamic characteristics
of the Fairchild 22 airphme as testad with the hori-
zontal tail surfaces removed. The lift curves for all
combinations of flap deflection, flap chord, and hinge-
axis location have similar charactitica in that the
slopes are nearly constant and the stall occurs at
approximately the same angle of attack. The in-
orcwe in lift effectad by the flaps results from a shift
of the lift curves to the left on the scale of angle of
attack, the magnitude of the displacement increasing
with increase in &p deflection, flap chord, and dis-
tice of the hinge axis from the leading edge of the
wing. Two minor variations are noted in the slopes
of the lift curves. The slope increasea as the hinge
axis is moved toward the trailing edge of the wing
and decreases as the flaps me deflected beyond a
cartain angle. This latter effect occurs at relatively
small deflections with wide flaps so that the optimum
flap mgle, or the deflection that will give the greatest
increase in C., beccmcs smaller as the flap width
increases. The following table gives npprcxinmte
values of c- for the Fairchild 22 airplane with
simple split flaps of vary-hg chord deflected to their
rmpective optimum angles.
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Split tips increase the drag of the Fairchild 22
airplane so as greatly to reduca the ratio of L/D at
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high angles of attack. At flap deflections above the
optimum lift angle the drag continues to increase but
the lift tends to decrease so that for extreme flap
deflections the “air brake” action of the flaps becomes
predominant.

The pitching-moment coefficients Cmshow-qin iigure
6 indicate primarily the effect of split flaps on the
pitching moment of the wing about the center of
gravity of the airplane. In general, the diving
moment of the wing increases with increase in flap
deflection, flap chord, and distance of the hinge axis
from the leading edge of the wing. The magnitude
of this increase in diving moment is influenced some-
what by the general arrangement of the Fairchild 22
because the drag of the parasol wing produces an
appreciable positive pitching moment about the center
of gravity of the airplane. Were the wing located ti
a lower position with respect to the center of gravity,
the flaps would produce a greater iucrme in diving
moment. In the we of a complete airplane with
horizontal tail surfaces in place, the foregoing increase
in diving moment of the wing would be balanced in
part by a concurrent potitive increase in tail pitching
moment due tc greatar angles of downwaah at the tail.
The degree to which these two momaut increments
may balance wch other and thereby give a small
resultant change in airpkme pitching moment is de-
pendent upon both the flap and tail-plane arrmge-
ments. The flap arrangement determines the increrwe
in lift (and thereby, the change in dowmvash angle)
and the increase in wing diving moment; the tail-plane
arrangement (size and location with respect to the
wing) determines the effect on tail momenta of a
ohange in dowmvash angle. Large diving moments
would be expected, for instance, for rm airplane with
small tail surfaces poorly located behind awing having
a flap arrangement that gave a relatively large change
in wing pitching moment Wd small incre~e in lift.

COMPARISON OF FLAP ARRANGEMENT S AT HIGH ANGLES OF
A’11’AOE

Figures 7,8, and 9 are included to illustrate the effect
of the various flap arrangement on the aerodynamic
charact+misticaof the Fairchild 22 airplane under
landing conditions. An angle of attack of 12° was
chosen to represent such conditions, a fair comparison
of the &p arrangements at a higher angle of attack
being unfeasible because of the erratic stalling char-
acteristics of the airplane.

The curves of CL and of LID shown in iigure 7
indicati the effect of flaps on the gliding character-
istics of the Fairchild 22 airplane. The abiliw of m
airplane to land safely in small fields or in those sur.
rounded by obstaoles iEdefined by its maximum avail
able gliding angle and minimum fligh&path velocity
AEthe gliding angle and fligh~path velocity are invers[
functions of L/D and C& it is desirable in landing h

.ave a low L/D ratio in conjunction with a high value
‘f C&w The curves in figure 7 show that, for the
U&child22, an increase in flap width will both decrease
he &h&path velocity and stiepen the gliding angle.
doving the hinge axis toward the trailing edge of the
ring would reduce the @h&path velocity but would
Lotgreatly rdlect the angle of glide.

The effect of flaps on pitching moment is of par-
icular interest under landing conditions thrcugh its
nfluence on the trhming characteristics of the air-
Jane, The most desirable flap arrangement would
)e one that would fiord a m&nmm improvement in
ift and L/D with a minimum change in airplane pitch-
ng moments. The results of the force tests do not
how directly the effect of flaps on airplane pitching
noment but, for any given increase in lift, the change
n downwash angle at the tail and the tail pitching-
noment increment would be approximately the same
rreapective of flap arnmgement. The difference in
wing pitching-moment increments for the various flap
mrangementa would therefore indicate, at a given
mlue of lift increase, the effect on airplane pitching
noment of a change in flap variable. A comparison
>f the different flap arrangements is presented on this
basis in fighre 8 by curves of AC. plotted against .
ACL. hspection of the curves indicates that narrow
Ups and those located toward the leading edge of the
wing would effect a given increase in lift with a mini-
mum negative increase in wing pitching moment and
would therefore normally have the least effect on &-
plane pitching momenta.

Comparative curves of lift coefficient, L/D ratio,
and pitching-moment coefficient derived horn the
force teat results are presented in figure 9 for two of the
more commonly used types of flap, the simple split
&Lpmd the Zap tip. The ei.mplesplit flap rotates
~bout a iixed hinge axis so located that the trailing
wlge of the flap and wing coincide when the ftap is
closed. The Zap flap moves rearward when deflected,
the trailing edge of the flap traveling on a line per-
pendicular tn.the * chord line at the wing trailing
*e.

Gmvea are shown in iigure 9 for a Zap flap of 20
percent c chord and for simple split flaps of 10,20, and
30 percent c chords. For a split flap of given chord
width the Zap arrangement will give a higher maximum
lift than will a simple split tip but will have a more
adverse effect on wing pitching moment. An increase .
in chord width for simple split flaps will give an incrw.e
in lift and a reduction in L/D ratio with practically no
change in wing pitching moment. This latter result
may at first appear to be inconsistent with the results
preciously discwwed but, in reality, an increase in
chord for simple split flaps involves two flap variables:
flap chord and hinge-wxis location. It is evident that
as the chord of the flap is increased the hinge axk must
shift forward to maintain the trailing edge of the flap
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and wing coincident at zero deflection. b these two
variation9 in flap arrangement affect the pitch@
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moment of the &plane in a sense of opposite sign and
approximately equal magnitude, the resultant change

Increose h /ift coeffici”mf,AC=
) J 2 .3 .4 .5 .6 .7 .8

Fmwm &—Variationof AC= withACLfor Fake.bfld22airplanevdtb split trafl-
fng-xfgeWIDEflapsatU=-12”-

in pitching moment is relatively small. Au increase
in chord width for simple split flaps would therefore

be distinctly advantageous insofar M the effect on the
aerodynamic characteristics of the airplane is con-
cmmed. The reduction in flight velocity and increase
in augle of glide that could be realized by increasing
the chord may, however, be limited by structural con-
siderations imposed by the force and hi.rwe-moment
characteristics of the wider flaps.

~G LIFT AND DRA13lNCl?EMENTS

The results presented in figures 6 to 9 are directly
applicable only to the Fairchild 22 airplane, the co-
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41icients having been determined from the forces
icting on the entire airplane. At a given angle of
~ttack, however, it is reasonable to assume that the
Jmnge in lift and drag of the airplane results entirely
iwm the eflect of the flaps on the wing charucter-
stics, as the forces acting on the remainder of the
@lane should be practically independent of flap
ummgement. On the basis of this assumption, the.
Aanges in wing lift and drag for the various flap
?ements were detmmined from the curves of
qgure6 and are presented in figures 10 and 11 as curves
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of ACL and AC=’ plotted against angle of attack of
the wing. These coefficient increments are believed
to be directly additive for wings of a section similar
in thickness and camber to that of the N. A. C. A.

2P I
,. ._ -.. . — —

FIw chord-L23c

A@e of attack,&,dqrees

I I , I I 7
4 8 12 (6

FIQUUE10.–Incfmw h lift ccMhfont of Fakckdld= a forvarfom@t4kP
~@J@-

2212. Allowance has not been made in the values of
ACL rmd AU~ for the fact that the flaps did not ex-
tend over the entire span of the wing nor for the
effect of the rounded wing tips and the circular cut-
out of the center section.

The curves of coefficient increments (ACL and
AO~) shown in figures 10 and 11 exhibit only one
charnctitic not previously indicated iq the discus-
sion of the effect of flaps on the lift and drag of the
airplane. This characteristic is the decrea&ng influ-
ence of flap location on the value of the increments as
the angle of attack is reduced. h particular, it is
noted that ACD becomes independent of hinge-axiq
location at negative angles of attaok.

RESULTSOF PRESSURE-DISTRIBUTIONTESTS

The results of pressure-&tibution meaaurementa
taken about a section of the wing and flap are pre-

sented ‘h table II and in &ures 12 to 19. Typical
plots of pjq against chord position are shown in
iigure 12 for the 20 percent c flap hinged at 80 per-
cent c. Each point on the curve represents the
average value of p/q from four pressure measurements
taken at that ori&e location. The pressure data
given in table II and the section force and moment
coefficients for the wing md flaps were obtained
from the plots of figure 12 and from similar plots
for the various other flap arrangements. VaJue9 of
P/~ me given in table II for the upper and lower
surfaces at various stations along the wing and the
flap chords. Completi data are given for the 20
percent c flap hinged at 80 percent c and sufficient

Tf?l

!4

.1

0
-8-4 0 4 8 1.? 16

data are included for other hinge-axis locations and
flap chords to illustrate the effect of these variables
on the distribution of pressure about the flap and the
wing section.

EFFECT OF FLAF8 ON 13ZOliD LOAD DISTRIB~ON

Split tmiling+xlge flaps materially affected the
magnitude and distribution of pressures over both the

.
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upper and lower surfaces of the wing. As the bps
were depressed, an increase in pressure d.ifEemntial
between the wing surfacm waa effected in part by a
negative increase of upper-surface preamres and in part

A-~le of”atfack‘of ftu&f axis cG .dw~=

FIGUREla.-Dfskfbutfon of fncreamfn nmmal-formcmullofent(ACXJ) IMtwwm
l@andwfng mrfamsfor Zlpwmnt cflaphlnged at SOracantc.

by tt concurrent increase of positive lower-surface
pressures. At a given flap deflection the pr*ure-
di.fTerential increase remained essentially constant
throughout the angle+f-attack range but an inspection
of the p/q plots in iigure 12 will show iihat the relative
portions of this increase that can be attributed respec-
tively to the upper and lower surfaces of the wing vary
widely with angle of attack. This variation in
pressure distribution with angle of attack is more
clearly illustrated in @urea 13 and 14 by curves that
define independently the loading chmactmistica of
the various lifting surfaces of the wing. The curves
of iigure 13 indicate the percentage of increase in
normal-force coefficient (AONa’) mxried by the upper
surface of the wing, the lower surface, and the flap for
an angle-of-attack range from —8° to 12°. The curma
of @e 14 similaxly define the percentage of wing
normal-force coefficient (cN=’) attributable to these
respective surfaces. Although the curves in iigures
13 md 14 present the surfaca loading charackwistics
only for the 10 percent c flap hinged at 80 percent c,
they illustrate the genarfd tiect of split flaps on the
distribution of pressure loads about the wing profle.

Reference to iigure 13 shows that, at a a@e-of-
attack of –8°, approximately 60 percent of the

hcrease in normal-force coefficient (ACN@’)produced
by the flaps corneafrom the increase in pressureloading
m the lower surface of the airfoil and that the upper
wrface contributes only from 15 to 25 percent of
&CNW’. At high angles of attack this condition is
reversed and the increase in pressure loading on the
upper surface of the wing accounta for more than 50
percent of A&W’ and less than 30 percent of ACN=’
cm be attributed to an increase in lower-surface pres-
sures. The increment in wing normal force derived .
horn the preasureaacting directly on the flaps is fairly
constant ovdr the angl~f-attack range but decreases
with flap deflection. This latter effect results pri-
marily from the reduction in projected area of the flap
on the chord of the wing.

The distribution of ACNW’between the flap and
upper and lower surfaces of the wing is also indicatad

o

-m
I 1 I I I I 1 I I I 1 I 1

-40 i
-8 -4 0 4 8 f2 f~.-

Angle of ottack of thrustO%is,a’r,degrees

FIIXJEEM.—DhtdtmhmofnmmakfomccMMant(cm.’) batweantip and wfng
smfncosformHcmltcllaphfn@atso Hcmltc.

by the percentage of wing normal-force coeilicient
carried by each of these surfaces (fig. 13). At low
angles of attack the percentage of wing normal force
carried by the lower surf~ increases rapidly with flap
deflection, and the percentage for the upper surface is
correspondingly reduced. At high angles of attack,
however, the vmiation in surface loads with flap de-
flection is comparatively small. AS the flaps are de-
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pressed, at an angle of attack of 12°, the percentage of
wing normal-force coefficient caxried by the lower sur-
face of the wing remains essentially constant, and the
upper-surface percentage is reduced only by the rela-
tively small load carried directly on the flaps; that is,
the increase in normal force with flap deilectionis dis-
tributed between the upper and lower surfaces of the
wing at high angl= of attack in such proportions that,
irrespective of flap deflection, the percentage of totxd

Aqle Gf otfab of fGust axk ci,.degrees

FImJEE15.-SeMonnormal-forceandpftohfng+nomentckmactdstfmof thePI&
*.

wing normal force carried by each remains roughly the
same as for the plain wing.

At a given angle of attack and flap deflection an in-
crease in flap chord does not alter the distribution of
pressure about the wing proiile but merely increases
the pressures on both the upper and lower surfaces of
the wing. Upper-surface pressure9 show only slight
variations with change in hinge-axis location, and the
increase in normal force and lift that occur when the
binge axis is moved tmvaxd the trailing edge of the
wing results largely from the coincidental increase in
effective lower-surface mea.

The maximum negative pressure recorded in these
tests was 8.7 q. This presmre occurred on the upper
surface of the airfoil near the leading e&e with the 20
percent c flap hinged at 80 percent c and deflected 75°

at an angle of attack of 12.2°. This value represents
an increase in negative pressure of 2.7 q over the maxi-
mum negative pressure for the plain wing at the same
angle of attack. Positive lower-surface prwsurea ap-
proach 1 g near the hinge axis at large flap deflections
and l@h angles of attack.

Although the leadiug edge of the wing is subject to
the maximum absolute variations in pressureswith flap
deflection, the critical changes in loading occur near
the trailing edge. It will be noted that the increment
of pressure effectid by the flaps is relatively uniform
along the wing chord as compared with the initial
pressure distribution of the plain wing. As this origi-
nal distribution involves large pressurcaat the leading
edge, decreasing to relatively small pressures rutthe
hailing edge, it follows that the superposition of a uni-
form pressure increment on this initial distribution
would result in comparatively large percentage in-
creasea in loading at the trailing+dge sections. Ref-
erence to figure 12 (20 percent c flap, hinged at 80 per-
cent c) shows that at an angle of attack of approxi-
mately 12.5° a flap deflection of 60° increases the pres-
sure load across a section at the 65 percent c station -
from 0.56 q to 1.52$ or 172 percent. Further analysis
likewise indicates that the moment of the trailing-edge
loads about tti- 65 percent c station, which corresponds
approximately to normal rear+par locations, would be
increased some 350 percent by a 60° deflection of the
flap. This increase pre9uppose9, of ceurae, a constant
value of g and, as flight velocities are normally re-
duced when the flaps are deflected, the increaaein loads
and moments would be correspondingly less. It
should b~ emphasized, however, that the variation in
pressures near the trailing edge is similar throughout
the angle-of-attack range and therefore large loads and
moments would occur in high-velocity dives or if the
flaps were suddenly deflected during high-speed flight.
The foregoing effects are accentuated by moving the
flaps toward the trailing edge of the wing.

SECTION NORMALFORCE AND MOMENT CHARACTERISTICS OF
WING AND FLAPS

The section characteristic of the wing and flaps as
determined from integration of the pressur+distribu-
tion plots are presented in @ures 15 to 19. Figure
15 shows the section normal-force coefficient and the
pitching-moment coefficient about the quarter-chord
point for the plain wing plotted agaiust the angle of
~ttack of the airplane. These curves serve to coor-
tiate the section data with the remainder of the
results and indicate the degree of accuracy of the prea-
nmdktribution measurements. The points shown
m the normal-force coefficient curve are for the ini-
tial test run made with the 20 percent c flap hinged at
30 percent c and for the iinal test run made with the
10 percent c flap hinged at 70 percent c, the flaps
)eing closed in each case. The agreement of the
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points is considered to be very good for preasure-
distribution tests. The pitching-moment coefficients
about the quarter+hord point for the plain wing were
computid only from the normal force and the center-
of-pressure location, the pititi mom~t due to
pressure and shear forces parallel to the chord being
neglected. The fact that the pitching-moment curve
shown in figure 15 has an appreciable slope and there-
fore does not give an approximately constant value of
O.o,~, as would be expectid for an N. A. C. A. 22I2
airfoil section, indicates that the foregoing method of
computing pitching moments does not give exactly
corrrect results; but, as the pitching-moment charac-
teristic of the wing with flaps were determined from
similar computations and we presented in terms of
the increase in pitching moment due to *e flaps, it
is believed that the results are satisfactorily accurata.
The moment of the flap normal-force component paral-
lel to the chord of the wing was included in computing
the pitching momenta for the wing with flaps.

The section normal-force and the bing~moment
characteristics of the flaps and the effect of the flaps
on the normal-force and pitching-moment chmac-
teristicsof the wing are presented in figure 16 by c.wea
of ~N~l, CH~, ACNWtl(C. p.).’, ~d A6’mCfiIplottid
against &~’ for the plain a. At a given vfdue of
the normal-force coeihient of the plain wing these
curves therefore define (for any of the flap arrange-
ments tested) the normal-forca and hinge-moment
coefficients of the flap, the center-of-pressure location
of the wing, and the increase in the normal-force and
pitching-moment coefficients of the wing. It is be-
lieved that the relationships thus established would
hold for other airfoil sections having a distribution
of pressuresimilar to that of the N. A. C. A. 22I2, i. e.,
having similar tbiclmeasand camber, and that, lmowing
the normal-force coefficient for such a section, the
flap characteristics and the effect of the flaps on the
wing charactmietica can be detmmined from the
curves of figure 10.

Deflection of split flaps to rnoderati anglea produces
an increase in wing normal force and shifts the center
of prcsaure from the leading edge of the wing. Ex-
treme deflections may reverse this relationship and
result in a loss in wing normal force and a reduction
in wing diving moment. The magnitude of flap
normal-force coefficients is primarily a function of flap
deflection and increases from approximately zero for
the closed tips to values of 1.3 or more for extreme
flap anglea. It follows that flap hinge moments like-
wise vary directly with tip deflections.

An increase in flap chord increases the norrmil
force and diving moment of the wing and likewise
increasca the normal-force coefficient of the flap.
Flap hinge moments, in particular, are influenced by
flap width, the variation in hinge-moment coefficients

being in excess of the squme of the variation in flap
width. Because of the extreme increase in hinge
moment with increase in flap width, narrow flaps are
much more eflicient than wide ones in producing a given
increase in wing normal force with the least control
eflort. (See fig. 17.) In consideration of the eifect
of hinge-moment characteristics on the required
weight, strength, and mechanical advrmtage of the
flapoperating mechanism, the results therefore indi-
cate that the narrowwt flap which will produce tbe
desired or required lift, drag, and pitching-moment
characteristics would be the most desirable.

Variation in flap hinge-axis location baa little eflect
on flap forces or moments but has a marked influence
on the wkg characteristics. Wing normal force and
div& moment decrease as the flaps are moved toward
the leading edge of the wing. The value of AC~,,~
for a hinge-axis location of 68 percent c is from 30 to
60 percent of that for a hinge-axis location of 88.S
percent c. This decrease in ACmdJ’ is considerably
greater than the concurrent decrease in AUNu’,

which suggest9 that binge-axis locations somewhat
namer the leading edge of the wing than those investi-
gated in these tests would give reasonably large
increases in wing normal force with a negligible effect
on pitching moment.

The location of the center of pressure for split flaps
in terms of percent flap chord aft of the hinge axis is
essentially independent of flap chord, flap position,
and mgle of attack of the wing. The variation of
flap centar-of-prwmme location with flap deflection
is indioated by the curve of figure 18. Even this
variation in center-of-pressure location is small and a
value of 41 percent of the flap chord aft of the hinge
axis may be considered as an approximate location for
all the flap ar&ngements investigated in these tmti. .

TOTAL FLAP CHARACTERISTICS

The flap characterietim presentid in figures 16, 17,
and 18 are for a section approximately at the center of
the flap span. Pre9sure measurements were taken at
four other sections along the span of the flap and the
charactitic-s of the total flap thereby determined.
These result-aare presented in figure 19 by curves giv-
ing the ratio of total flap normal-force coefficient to
section normal-force coefficient. Thwe curves pre-
sent average values for all flap chords and bge.ti
locations. The location of the center of pressure for
the total flap is the same as for the flap section.

SUMMARYOF11’DJGANDFLAPCHARACTERISTICS

A summary of important wing and flap characteris-
tics M determined from both force and pressure distri-
bution tests is given in the following table for an angle
of attack of the wing of 17° (a~= 120).
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RESULTS OF .AIR-FLOW SURVEYS

The results of the air-flow surveys are prwented 5
figures20 to 23 by contours of dowmvash angle and th

fact that the flaps did not extend across the center
section of tie wing. With the flaps deflected, the span-
loading curve for the wing is depressed at the center
with a resultant shedding of a seriesof trailing vortices
horn the inner ends of the flaps. These trailing vor-
tices reduca the effective aspect ratio of the wing and
tend to increase the dowmvash angles in the survey
plane.

COMPARkON OF CALCULATED AND MEASURED DOWNWM3H
ANGLIB

Wake charactarktics are defied by the downwttsh

t@cs and the velocities existing in the rear of the

~. The value of the down~csh angle e rtt rL given

point in the wake is a function of the ~ect ratio of

the wing, the lift coeilicient at which the TK@ is operah

ing, and the location with respect h the tig of the

point under consideration. Empirical equotions thctt

express the downwash angle in terms of these vari~blcs

have been developed by Diehl and by Toussaint and,
as these equations are commoily used for computing
downwash angles, a comparison of the equations with
the results of the down-washsurveys maybe of interest.

The equations developed by Diehl and by Toussaint
are identical in form and give the dowmmah, respec-

hreu.se in notmal-fmce coefficient,ACE.’
~GUEE 17.—Vrofationof Crr’ wfthACH-~for thewfngswtkm. CHW’fcupkdnwfng=12&

ratio of gJg plotted against distance from the trailing
edge of the wing as measured in chord lengt%s along
the wind =ss. These contours define the wake
characteristics in a plane inte~ecting the wing at
approximately the center of the wing semispan. Be-
cause of the wide variation in both avenge downwwh
angles and in contour patterns for ditlerent planes
along the wing span, these results are strictly indica-
tive of wake characteristics only for the survey plane
in which they were measured. In general, the down-
wash angles given by the contour plots are somewhat
grater than those for planea closer to the center of
the wing. The dowmvash survey results are also
influenced by circulation phenomena arising from the

tively, for biplanes and monoplanes. Toussaint’s
equation for the downwash in the rear of a monoplane
is

~=*(z+l)+”@+l)+~

where e is the downwash angle in degrees.
A, the aapect ratio of the wing.

x, the distance in chord lengths horn the trailing
edge of the wing, parallel to the chord line,
to any point in rear of the wing.

y, the perpendicular distance in chord lengths
horn the point to the extended chord line
of the *.
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Values of c computed from this equation for a lift
coefficient of 1.4!2are shown in iigure 24 in the form of
downvmsh-angle contours, which may be directly
compared with those obtained horn the air-flow
surveys. Exact agreement could not be expected
between the calculated and measured downwash
rmglcs, as Toussaint’s equation is for the dowmvash in
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the rear of the center of the wing; whereas the surveys
were conducted in a plane at the center of the semi-
span. The disagreement between the contours, how-
ever, iEtoo marked to be accounted for solely by the
difference in span lom’tion. Also, other comparisons
made between calculated values of e based on this
equation and dowmvash angles measured aft of the
midspan section of a rectangukw airfoil (unpublished
data) have shown even greater discrepancies than do
the contours in iigure !24. In pwticuhw, Toussaint’s
assumption that the points of maximum downwash
angle lie along the extended chord line of the wing is
not substantiated by survey results, and the variation
of dowmmsh angle with vertical and horizontal
distance from the wing is more pronounced than the
equation indicate3. From the general nature of the
dowmvash contours it doss not appear feasible to
attempt the derivation of a more satisfactory empirical
equation for computing dowmvssh angle without
more complete experimental data.

The contours shown in @ure 24 also illustrate the
effeot on dowmvasb characteristics of the discontinuity
of the flaps at the center of the wing. The contours
for the plain wing and for the wing with flaps depressed
are for comparable vahwa of CL and should therefore
be quite similar mcept for probably minor variations
resulting from diilerences in energy loss in the wake
due to profile ~u. It is noted, however, that the
dowmvash contours for the two conditions W& con-
siderably both in average value of downwash angle
and in contour pattern. These discrepancies am due
primarily to the effect of the tmiling vortices at the
inner ends of the flaps.

VELOCITY DISTRIBIJ’HON IN WAEZ

In addition to the downwash angles existing in the

rear of a TV@, the wake is characterized by a reggon

of reduced velocity, which results horn inclusion in the

downwash of air that has passed close h the w-@ and

been subject b high viscous shesrirqg forces. This

core of low-velocity ti is swept downward from the

trailing edge of the wing by the dow=nwasband is
gradually dissipated through the accelerating action
of the surrounding air stream. It appears logical that
the velocity gradient in this core and the core width
should bear some relationship to the prcdile drag of
the Eking surface which creates it. For normal air-
foil proiilea the low velocities have largely disappeared
at fine distances in the rear of the wing at which hori-
zontal M planes are usually located but, in the case
where the V@ is equipped with such a bighdrag
device as split flaps, the survey results show that the
ratio of gJq may be as low as 0.7 at two chord lengths
aft of the trailing edge of the wing. It is therefore
important that the tail planes operating in the down-
wash of a wing with split flaps should be so located
with respect to the w@ as to be outside the low-
velocity region at all mgles of attack of the airplane,
particularly since this low-velocity region i9 also one
of very turbulent and unstable air flow.

me location of the dowmvash core in the general
wake pattern is determined primariIy by the lift

1! H—HtHtt
w Seciicwnormal-force coefficientof plain winq,CNU’

FIGURE 19.—EaMo of total Sap nmnal-farco mftldent to Sap 640n normHoma
Cmffh3ht.

coefEcient at which the wing is operating, the highar
the lift coefficient the greater the deflection of the core
axis from the horizontal wind axis. In general, the
line of minimum gJg lies slightly below the line of
maximum dowmvash angle. As for downw%sb angles,
no accurate empirical equation can be given defining
the distribution’ of wilocities in the wake.
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LOCATION OF TAIL P~

The dowmvash contours of iigures 20 to 23 are of

particular interest in indicating the effect of flaps on

tail pitching momants. As the variations in downwash

angles and the ratios of gJq with flap deflection Wer

throughout the wake, the effect of the flaps would

depend upon the location of the tail surfaces with

respect to the wing. The contoum indicati that, at

high angles of attack, tail surfaces located above the

extended chord line of the W@ would be subject to a

greal%r increase in downwash with increase in flap

deflection than would those below and would therefore

be more effective in balancing the increased diving

moment of the wing with the flaps down. This

indication is in agreement with the fact that various

low-wing monoplanes tested in the N. A. C. A. full-

COMMITTEE FOR M3RONATJTICS

3. Wing diving moment increased with increase in
tip chord and with increase in distonce of the hinge
axis from the leading edge of the wing.

A 171. - --—.1 l?---- ---m .:--A- ----- -J—--21— -
%. 11ltt~ l.lUl-lll&l-lU1-W GU151.llUIW IS WtJIW lJlllUtUllYU

function of flap deflection and were dependent to a
small degree upon flap chord, hinge-axis location, and
the airplane attitude.

5. Flap center-of-presmre locations in terms of
percentage flap chord from the hinge axis were inde-
pendent of flap chord, hinge-axis location, and air-
plane attitude and varied only slightly with flap
deflection.

6. Flap hinge moments varied with a power of flap
chord greatarthan the square.

7. Split trailing-edge flaps materially affected the
magnitude and distribution of pressures over the

=ss=4- .FKGrfi=~~~~~
------Measured down wash anglesforwfngwith20percenfc flopdeflecteda60°, CA - 1.4/

Measured down wosh ongles for ploin wtng ,

I
W[nd axe

,— ,

Chord lengths

FfGmm 24.-Cempretive contem%of mesxed and calculatd dounmsb angles.

scale wind tunnel have shown less change in pitching
moment with flap dei3ection than did the parasol
Fairchild 22 when tested with the horizontal tail
surfacea in place (reference 5). The higher tail
locations are also more favorable in that there is less
tendency for the tail surfaces to be tied into the
low-velocity region of the wake at high angles of
attack.

CONCLUSIONS

The following conclusions are drawn horn the results
of this investigation of split trailing-edge flaps on a
Fairchild 22 airplane.

1. The lift of the airplane increased with increase
in flap chord and with increase in distance of the Mnge
tis from the leading edge of the wing.

2. l?or an increase in lift remking from increase in
flap chord the L/D ratio decreased, but for an increase
resulting from movement of the hinge axis the L/D
ratio remained practically constant.

entire wing profile. -At low anglea of attack the

predominant effect of the flaps was to increase posi-

tkely the lower-surface pressures; at high angles of

attack, to increase negatively the upper-surfs C13

pressurw.

8. 13xisting empirical equations for computing

downwash angles do not accurately define the pattern

of dovrmvash angles in the wake.

9. Air-flow surveys indicated that horizontal tail

planes located rtbo~e the extended chord line of the

wing would be more effective than those below in

counteracting the increased diving moment of the

airplane with the flaps deflected.

LANGLEY MEMORIAL AERONAUTICAL LABORATORY,
NATIONAL ADVISORY COMIJImEE FOR AERONAUTICS,

LANGLEY FIELD, VA., May 10, 1996.
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